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New prospects for polarized hyperon fragmentation functions 
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We study the inclusive production of A (A) in several high energy collision processes (e"^e~, e*p, u{v)p, pp), 
in view of an accurate determination of the unpolarized and polarized fragmentation functions of a quark into 
a A (A). For polarized fragmentation functions the inaccuracy and the scarcity of present data do not allow to 
distinguish between various theoretical models. We will indicate how future measurements will provide ways to 
discriminate between them and also how to achieve a necessary quark flavor separation. A possible extension to 
the production of the other hyperons (E*'*^, H"'''), will be also briefly discussed. 



> 

o 



o 



X 



1. Introduction 

The usual parton (/ = g, g, g) distribution 
functions ///(a;, Q^) of a hadron H, which are ex- 
tracted from Deep Inelastic Scattering (DIS) for 
a space-like energy scale (Q^ < 0), have counter- 
parts in the time-like region (Q^ > 0), which are 
the hadron fragmentation functions Dj {z,Q^). 
They represent the probability to find the hadron 
H with a fraction z of the momentum of the par- 
ent parton /, at a given value of Q^. Like dis- 
tribution functions, fragmentation functions are 
universal , that is process-independent, and like- 
wise, their dependence is fully predicted by 
the QCD evolution equations. They can be mea- 
sured in various high energy collision processes 
namely, e^e~ annihilation, e+e^ (7*,Z) 
HX, semi-inclusive DIS, Ip I'HX and single- 
inclusive pp collisions, pp — > HX. So far, the 
best known fragmentation funtions are DJ and 
, corresponding to the most copiously pro- 
duced light mesons tt and K. Our purpose here 
is to consider the hyperon fragmentation func- 
tions and more specifically to examine the case 
of A (A) . The self-analyzing properties of A (A) 
make this spin-half baryon particularly appeal- 
ing, to study spin transfer mechanisms. We first 
recall the results of a QCD analysis of the data 
for inclusive (A -I- A) production in e+e^ colli- 
sions, which yields the first simple and reliable 
parametrization of the unpolarized fragmentation 



functions D^'^{z, Q^). The observed longitudinal 
polarization of the A's produced at LEP on the 
Z-resonance, leads to some inaccurate informa- 
tion on the spin-dependent fragmentation func- 
tions AD^{z,Q'^). As we will see, several theo- 
retical models have been proposed for these po- 
larized fragmentation functions which are, so far, 
badly constrained by existing data. Some predic- 
tions can be made for the spin transfer in polar- 
ized DIS, but one gets no definite conclusion by 
comparing them with the present very poor data 
from HERMES at DESY and E665 at FNAL. We 
also stress the importance of the A (A) produc- 
tion in neutrino (antineutrino) DIS, which allows 
a clean flavor and spin separation. We will show 
some new data from NOMAD at CERN and com- 
ment on future experimental possibilities. 
We will also give the prospects from pp colli- 
sions with polarized protons at RHIC-BNL, be- 
cause there are recent interesting suggestions for 
measuring the helicity (and transversity) transfer 
asymmetry in the process pjf — > AX. From its 
dependence on the rapidity of the A, it is possible 
to discriminate easily between the various theo- 
retical models, thanks to the high luminosity and 
the small statistical errors. Of course, this can 
be easely extended to the production of the other 
hyperons (E*^", S"'"), which will be also briefly 
discussed. 
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From the production of A (A) in e~^e anni- 
hilation one can determine D^{z,Q^) by using a 
standard parametrization, at initial scale /i^ 

Djiz,^^') = N^■z'^fi^-zr^ . (1) 

To reduce the number of free parameters occur- 
ing above, one must make some simplifying as- 
sumptions based on, e. 5. ^C// (3) arguments. Ten 
free parameters, needed to include light quarks, 
heavy quarks and gluons, were obtained by fitting 
the world data for 14GeV< ^/s <91.2GeV, in a 
leading and next-to-leading order (LO and NLO) 
QCD analysis |^]. Although, it leads to a good de- 
termination of D^, there is no flavor separation 
for the dominant contributions D^{q — u,d,s) 
and no separation between and , since the 
data does not separate A and (A). Other sets of 
quark fragmentation functions into A (A), based 
on a bag model calculation and a fit to e+e^ data, 
have been published recently 1^. 

The fragmentation of a longitudinally polarized 
parton into a longitudinally polarized A will be 
described in terms of 



ADj{z,Q' 

iA(+: 



= D 



A(+)/ 



f^^^{z,Q'')~Df->{z,Q'') , (2) 



where D'p^l>{z,Q^) [D'p^^^{z,Q^)] is the proba- 
bility to find a A with positive [negative] helicity 
in a parton / with positive helicity. Clearly one 
obtains the unpolarized fragmentation function 
Dj^ by taking in (2), the sum instead of the dif- 
ference. For the fragmentation of a transversely 
polarized parton into a transversely polarized A, 
one uses (2) to define AtDj^{z,Q^) in complete 
analogy with ADj{z, Q^). 

In order to construct AD^ , one usually makes 
the assumption 



ADj{z)^Cfiz)Df{z) 



(3) 



at a given scale, where C^{z) are the spin transfer 
coefficients, for which several models can be found 
in the literature. In Ref. AD^ was neglected 
for heavy quarks and gluon and they take the 
following simple parametrization 

AD^ = AD'^ = NuAD^ and AD^ = z'^Ds ,(4) 
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Figure 1. Comparison of the LEP data for (—Pa), 
at the Z-pole, with the theoretical calculations 
of the SU(6) quark-diquark model (Taken from 
Ref. I). 



in terms of two new parameters a and at a 
given scale. To cover a wide range of plausible 
models, they consider three different scenarios: 

1) In the non-relativistic quark model, only 
strange quarks can contribute, therefore 7V„ — 0. 

2) By transposing the estimate of Ref.|^ for the 
polarized u and d quark distributions in a A, to 
the polarized fragmentation functions, one gets 
Nu = -0.2. 

3) By assuming that all polarized fragmentation 
functions are equal, which is an extreme case, one 
gets A'^u = 1. 

In Ref.j^], only two scenarios similar to 1) and 2), 
were considered and for other alternatives along 
the same lines, see also Ref.Q. A different way to 
construct AD^{z) was proposed in Ref.Q, based 
on our knowledge of the quark distributions and 
by means of the simple reciprocity relation , the 
so called Gribov-Lipatov relation |^ 

D^{z) ^ qnix), (5) 

where qnix) is the quark distribution for finding 
the quark q carrying a momentum fraction x — z 
inside the hadron H. 

The longitudinal A polarization Pa, which can 
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be directly expressed in terms of the AL)^ 's (see 
ref.[Q), has been measured at LEP by several ex- 
periments and is shown in Fig.l. It is large and 
negative and consistent with the SU(6) quark- 
diquark model proposed in Ref. § , as well as sce- 
nario 3) from Ref. mentioned above. In a very 
recent work Q, one finds various predictions for 
Pb, where B stands for any hyperon of the octet 
baryon, obtained by using SU(3) symmetry rela- 
tions. 

3. Charged lepton DIS process 

These results can be used to make predictions 
for A production in semi- inclusive DIS, with only 
the electron (muon) beam longitudinally polar- 
ized. The A polarization Pa along its own mo- 
mentum is related ( for the exact expression see 
Ref. 1^) to the longitudinal spin transfer A^{x, z) 
defined as 



A^{x,z) 



(6) 



From the above values of Nu , one anticipates that 
will be small for 1), negative for 2) and large 
and positive for 3) and the results can be found 
in Ref. Another set of predictions is given in 
Ref. Q and it will be interesting to compare them 
with data from future polarized DIS experiments, 
in particular from HERMES at DESY and COM- 
PASS at CERN. 

For the time being, we only have the few data 
points displayed in Fig. 2 for the spin transfer 
for A production and in Fig. 3 for A production. 
The three curves represent the predictions from 
three possible scenarios proposed in Ref. in the 
framework of the pQCD based model and the use 
of the reciprocity relation Eq.(5). The dotted 
curves correspond to pure valence quark contri- 
butions and for the dashed curves one has intro- 
duced a symmetric quark-antiquark sea, whereas 
it is asymmetric for the solid curves. Although 
this last case seems slightly favored, the simulta- 
neous description of A and A spin transfers re- 
mains hard to achieve and therefore more accu- 
rate data are badly needed (for a detailed discus- 
sion on this point, see Ref. [g| ). 
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Figure 2. Three different predictions for the z- 
dependence of the A spin transfer in charged 
lepton DIS, compared with data (Taken from 
Ref.g). 
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Figure 3. Three different predictions for the z- 
dependence of the A spin transfer in charged 
lepton DIS, compared with data (Taken from 
Ref.g). 
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4. Neutrino DIS process 

The main observation is based on the fact 
that neutrinos (antineutrinos) can be regarded as 
a purely polarized lepton beam since neutrinos 
are left-handed (antineutrinos are right-handed). 
Therefore they only interact with quarks of spe- 
cific helicities and flavors. The scattering of a 
neutrino (antineutrino) beam on a hadronic tar- 
get provides a source of polarized quarks with spe- 
cific flavor. This important property makes neu- 
trino (antineutrino) DIS, an ideal laboratory to 
study the flavor dependence of quark fragmenta- 
tion. 

If one measures, A and A production in neutrino 
and antineutrino DIS, one can show that the 
four longitudinal polarizations P^, P^, and 
P^ can be expressed in terms of four fragmen- 
tation functions, allowing a clean separation be- 
tween quarks and antiquarks. In Fig. 4 we show 
the NOMAD data for P/)', compared with some 
model calculations from Ref. , as well as the pre- 
dictions for the remaining three processes. Again 
more data are requiered to test these models but 
fortunately, one can expect future experimental 
possibilities from charged currents e^p DIS, with 
HERA at DESY, CEBAF at Jefferson Lab. and 
eRHIC at BNL. 

5. Hyperons in pp collisions 

Let us now move to another area where we can 
test these polarized fragmentation functions, by 
studying the spin transfer parameters in pp col- 
lisions. A new polarized pp collider at RHIC- 
BNL, which starts operating now, will allow to 
undertake a vast spin physics programme at high 
center-of-mass energies, up to ^/s = 500GeV. 
First, we are interested in the reaction jfp — > 
AX, where both the initial proton and the pro- 
duced A are longitudinaly polarized and we con- 
sider the helicity transfer parameter -D^^ defined 
as follows 
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Figure 4. Two different predictions for the z- 
dependence of the A and A polarization in neu- 
trino and antineutrino DIS (Taken from Ref.Q). 
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Dtdv^PT) = ida++-da+^)/{da+++da+-) ,(7) 

where rj and px are the rapidity and the trans- 
verse momentum of the outgoing A. rfcr+-|_ [d(7-\ ] 

denotes the cross section where the proton and 



Figure 5. The helicity transfer parameter D^j^, 
versus the rapidity of the A at RHIC-BNL max- 
imum energy, using three different scenarios de- 
scribed in Section 2 (Taken from Ref.[10l). 



5 





_0 2 F' ' ' I ' ' ' I :'-T-l...i I I f, hi I I I I I I I I I I I I I I I 

■ -4 -2 2 4 '""-4 -2 2 4 

y y 



Figure 6. The helicity transfers, denoted here 
, as functions of rapidity y of the produced 
A, E^'^jS"'", octet baryon members, in pp colh- 
sions at ^/s — 500 GeV, with the spin-dependent 
fragmentation functions in the pQCD counting 
rules analysis (solid curves) and the SU(6) quark- 
diquark spectator model (dashed curves). Note 
that the dashed and solid curves in (b) almost 
overlap ( Taken from Rcf . |pT[| . 



h igure 7. Upper and lower bounds tor the spin 
transfer parameter D^j^, versus the rapidity of 
the A at RHIC-BNL maximum energy. The small 
statistical errors are shown along the 77 = axis 
(Taken from Ref.Q) . 



the A helicities have the same [opposite] sign. 
When rj is positive the A has the direction of 'jf 
and pt is always assumed to be large. Z?^^ is 
directly related to the AZ)^ 's, whose exact ex- 
pression can be found in Ref. ||l^ , and therefore it 
is possible to make predictions, which are shown 
in Fig. 5. Again one can see that the sign and 
magnitude of are strongly correlated to the 
values of and given the smallness of the ex- 
pected statistical errors, indicated in the figure 
along the horizontal axis, it will be now rather 
easy to pin down the right underlying mechanism. 
One notices that in all cases is small for 

negative rapidity. This is due to the fact that 
the dominant subprocess is gq gq and we 
have assumed that AD^ = 0. This feature is 
rather general and it was discussed in more de- 
tails in Ref. . It characterizes also other helic- 
ity transfers as shown in Fig. 6, where we display 
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the predicted helicity transfers for all the hyper- 
ons A, S"'", resulting from two models of 
the fragmentation functions. 

Finally, we can also consider the case where 
both the proton and the A are transversely polar- 
ized and the corresponding spin transfer parame- 
ter D^^, is defined as in Eq.(7), where hehcity is 
replaced by transverse polarization. This spin ob- 
servable is related to the quark transversity distri- 
butions, so called h\{x,Q^) and to the transver- 
sity fragmentation functions Aj'D^{z,Q'^) men- 
tioned in Section 2. Needless to say that we have 
no experimental information on these quantities. 
However we can derive some bounds on D^^, 
using positivity arguments. We recall that posi- 
tivity leads to the inequality (l2| 



2\hl{x,Q')\<qix,Q') + Aqix,Q') , 



(8) 



whose validity has been established up to NLO 
QCD corrections. A similar constraint holds for 
hadron fragmentation functions , namely 

2\AtD^{z,Q')\<D^{z,Q') + AD^{z,Q^) .(9) 

By saturating the above inequalities, we get an 
estimate for an upper and lower bounds for 
which are displayed in Fig. 7. The larger allowed 
region corresponds to scenario 3), mentioned 
earlier, due to the value of N^^ and from the ex- 
pected statistical accuracy, we get rather small 
error bars. 

To summarize, we have now some knowl- 
edge of the unpolarized fragmentation functions 
Dj{z, Q^), but we miss a better flavor separation, 
which can be properly achieved by means of neu- 
trino (antineutrino) DIS or charged currents in 
e^p DIS. The corresponding polarized fragmenta- 
tion functions A_D^(z, Q^) are poorly known and 
more data is needed for testing several theoret- 
ical models proposed in the literature. Future 
measurements of A and A production in semi- 
inclusive charged lepton DIS will improve the sit- 
uation and this can be generalized to the case of 
the production of the other hyperons S]^'*',S^'°. 
The new polarized collider at RHIC-BNL, with 
high luminosity and high energy, is also a very 
powerful facility to study unpolarized and polar- 



ized fragmentation functions for all octet baryon 
members. 
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